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(rkm 41g)STURGEON SPAWNING IN THE SACRAMENTO RIVER
IN 1973, AS DETERMINED BY DISTRIBUTION ~D=LU~.~,~

OF LARVAE i~                                                                   ~ .’h
DAVID W. KOHLHORST ~... Woodson Bridge

Bay-Delta Fishery Proiect ~ (rkm 3~/)
California Department of Fish and Game

~ ~-Pine CreekTo determine the time and location of sturgeon spownlng in the H~lLTOll~lT~e~t(rkmJi7)Sacramento River, california, sampling was conducted three times per
~)

LOCATION
week from March 5 to June 17, 1973 at six locations from the mouth
of the Feather River to above Red Bluff. A total of 246 larvae and nine ~ (rkm 2~7~eggs was collected at the mouth of the Feather River, at river km 180
(flyer mile 112), and at Colusa. Spawnlng probably occurred from the

i~N/~NIT[~;ITY

vicinity of Knights Landing to lust above Colusa. Spawning occurred from
mld.February to late May, although the majority (93%) was in March
and April. Water temperatures during those 2 months ranged from
to 17.8 C (46 to 64 F). Spawning peaked from April 8 to 17 at a tom- f~ ~Co/usa "~j
perature of approximately 14.4 C (58 F). Mean size of larvae increosed

~OLUS~rkrn233)~’~S~

each month, probably because the growth rate increased with water ¯ J
temperature. Both white sturgeon (Acipenser transmontanus) and green VILLE

River K/]ome/er
sturgeon (A. medtrosfris) occur in the Sacramento-San Jouquln Estuary.                                                    YUBA (;ITT
While the larvae could not be identified, most were probably white stur= ~k ’.
geon since that species dominates the Sacramento River sturgeon fishery.

INTRODUCTION
Information about the spawning of sturgeon in the Sacramento-San KNIGHTS LAND

Joaquin Estuary, California, is very limited. Until 1965, nothing was ~ Mo.fh F~oth~r River"~
known. That year two sturgeon larvae were collected in the Sacramento (r~m/~ ~. ~
River near Rio Vista during a striped bass spawning survey. During ~%IeSACRAI~ENTO Isurveys in 1966, 1967, and 1968, sturgeon larvae were captured in the
Sacramento River as far upstream as Verona and in the Sacramento-
San Joaquin Delta (Stevens and .~Iiller 1970). During spring 1972 a
few larvae were taken as far upstream as Colu~a (Jerry Turner, Calif.
Dept. Fish and Game, unpublished),

i ~ ¯
SuisuaF’~Ilt~IELDB~/ I~10 VlST~e~y study was designed to determine the time and location of stur-

geon spawning in the Sacramento River by collecting larvae as they
moved downstream after hatching. ~ Son Poblo Boy/~:~(~~.~ACRA~fE#TO" ~A~ ./OAOUI~ ~ELT~

MATERIALS AND METHODS eSTO~KTON
Six sampling locations were chosen at 51-64 km (32-40 mile) inter-

vals on the Sacramento River from the mouth of the Feather River to[ :::LeI~0S~DALE
above Red Bluff (Figure 1). Sampling sites were above the mouth of~ rkm--river Mlometer$

~~ODESTO~the Feather River at river km (rkm) 129 (river mile [rm] 80) ; rkm 180
(rm 112) ; Colusa, rkm 233 (rm 145) ; Ord Bend, rkm 297 (rm 185) ;i $C~L[ I~ K~L0~ET[R$

~O~~
W’oodson Bridge, rkm 351 (rm 218) ; and Bend Bridge, rkm 412 (rm~ 0 ]0 ~0 ~o ~ ~o ~o
256). It was necessary to terminate sampling at 0rd Bend and sample

!

~ ’ ’ I J I
at Pine Creek, rkm 317 (rm ]97), approximately half-way through the ~    ~b ~ ~’o 40
survey (Figure 1). Su~ IN I~ILES

ZAccepted for publication June 1975. This work was performed as part of Dingell-
Johnson Project California F-9-R, "’-~ Study of Sturgeon and Striped Bass". =up- FIGURE 1. Sturgeon larvae sampling sites on the Sacramento River in 1973.
ported by Federal Aid to Fish Restoration funds.
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Collections were made three times per week (usually on l~[onday,
Wednesday, and Friday) at each site from ~[areh 5 to Jtme 17, 1973.                c0tusA
Sampling was occasionally omitted because of equipment failure, dan-
gerous river fiows, and silted lam~ching ramps.

Two boats were used for sampling, one for the lower two stations
and the other for the upper four.

Larvae were collected with a cone-shaped net constructed of 7.9
mesh/cm (20 mesh/inch) marquisette nylon netting, 3.4 m (11.2 ft)
long, and 0.8 m (30 inches) wide at the mouth. This net was attached
to an inverted U-shaped frame (1.3 cm [0.5 inch] ID galvanized iron
pipe) with a circumference of approximately 2.3 m (7.5 ft). ~ poly.
ethylene collecting jar was attached to the cod end. A 6 cm by 8 cm
(2.4 by 3.1 inch) hole on one side of the jar was screened with 11.8
mesh/cm (30 mesh/inch) stainless steel bolting cloth.                        ~ ~:

The net was fished from an anchored boat. Two lead weights on each
end of the frame held the net near the river bottom. The bottom of.
the mouth was approximately 10 cm (4 inches) above the substrate.
Previous studies demonstrated that sturgeon larvae in the Sacramento
River concentrate near the bottom (Stevens and ]~iller 1970).

Net sets varied from 5 rain to 1 h, depending on the amount of
debris collected. When sampling time was short, sets were repeated
for a cumulative total of at least 30 rain. These periods exclude raising
and lowering the net.

Surface water temperatures were measured at each station while the
net was fishing. FIGURE 2. Temporal distribution of larval sturgeon caught during the sturgeon spawning

Samples with little debris were sorted in the field and the larvae survey in the Sacramento River in 1773.

were preserved in 10% formalin. Samples with large amounts of debris
were preserved with 10% formalin containing Rose Bengal dye to Sizestain the larvae. These samples were returned to the laboratory for ~ean length of the 206 sturgeon larvae measured was 11.6 mm (0.5
sorting, inch). One larvae was 5.2 mm (0.2 inch) long; the rest were between

Larvae which were not crushed or deformed during aollection were 7.2 and 19.5 mm (0.3-0.8 inch). Length frequency distributions were
measured to the nearest 0.1 mm (0.004 inch) using a microprojector,about the same for the three stations and differences in mean lengths bo-

A survey of striped bass spa~ming occurred in the lower half of the tween stations were not significant (F ~ 0.69, P _.~ 0.50) (Figure 3).
study area between ~fay 1 and June 20, 1973. Sturgeon larvae col-Length frequencies in different months were basically similar, but
leered during that survey were also enumerated and measured, mean size increased slightly each month

4), possibly reflecting a direct relationship between growth rate and
RESULTS water temperature.

Catch
I collected 246 sturgeon larvae and nine sturgeon eggs. Eleven addi- Spawning Time, Temperature, and River Flow

tional larvae were taken in the study area during the striped bass Larval catches did not provide a direct measure of spawning time due
to variable time lags between spawning and capture. To estimate spawa-

Nikolskiispa~ming1961),surveY’soSturgeonthe egg catcheggs wasare demersalexpected toandbeadhesiVesmall. (Does 1961;ing time, I assumed Sacramento River sturgeon developed at rates re-
Larvae and eggs were collected only at the lower three stations. Aported for European and Asiatic species (Cherfas 1956; Nikolskii

1961; Geibel 1966). These rates depend on temperature and are known
totaland two°f 130eggs]arVaeat rkmand180siX(rmeggs112),wereandCaptured14 larvaeat andC°lusa’one 102egg larvaeabovefor the incubation period and for the interval from hatching to active

feeding. Only three of the 206 larvae I measured were shorter than 8the mouth of the Feather River (Figure 2). ~[ean catch per 30 rain
mm (0.3 inch) (Figure 4), so I assumed that was the approximatesample was 2.8 larvae at Colusa, 2.2 at rkm 180 (rm 112), and 0.2 at

the Feather River. length at hatching. Larvae longer than 18 mm (0.7 inch) had well-
Larvae were taken on the fir’st day of sampling at Colusa and rkmdeveloped mouthparts, had absorbed their yolk sacs, and had probably

180 (rm 112). Catches peaked at Colusa on April 23 (49 larvae), a~begun to feed. I used regressions of developmental rate on temperature

rkm 180 (rm 112) on ~Iarch 19 (19 larvae), an,d at the Feather River(Figure 5) to estimate larval ages at 8 and 18ram (0.3 and 0.7 inches)
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, for temperatures observed during spa~ing and a~ed l~ear ~h
~.~ between these ages (F~gure 6). S~ce larval len~hs at capture ~d

~ approximate water temperature dur~g development were kno~,
age of each larva (from spa~ing) co~d ~en be ~nter~lated from
Figure 6. These ages ranged from 5 ~ 25 days and averaged 12.4 da~.

were subtracted from capt~e dates to calc~ate spa~ing dat~.

~ ~ ~ o ~ ~- 0]8

FIGURE 3. Length frequencies and mean lengths of ~urgeon la~oo �oiffed during the ~,¢
sturg~n spawning su~ey ~n the Sacramento River ~n 1973, arrang~ by sampling
I~afions.                                                                                    ¯ ~     ,     ,     ~     ~     ,     ,     ,     ,     ~     ~

.
M~H -"

_ FIGUR~ 5. ~elattonshtp between water temperature and sturgeon l~al development, d~rtved
from the fo]Jow~ng sources and species:
Geibel 1966

" 1. Huso huso5
2. Ac~penser gu[dens~adt~

~ ~ ~ ~ , 3. A. stellatus
~ ~ ~ Cherfas 1956

4. A. gulde~stadtl

Nikolskll 1961
"

~

6. H, huso
~ I~ 7. A. nud~ventrls

8. A. @ellatus
Line (A) was assumed ~o represent la~ae 8 mm long and llne (B) was assumed

................. : ..............: : ..............................:::+:::::=====================,    ~ ~, ,                      ~Estimated spawning occurred ~rom mid-February to late-~{ay, ~th
,s 93% between ~{arch 3 and ~{ay 5 (F~gure 7). During this two-month

~ period, water temperature ~ 7.8-17.8 C (46-64 F). ~aximum spa~-
~ z.~zz,, ~g (April 8-17) occurred at approximately 14.4 C (58 F).

temperature during the spa~ning period ~as 22.2 C (72 F). There
~ - was no relationship between changing ~ater temperature and spa~ing

~ ~ ~ ~ intensity.
~ ~ ~ ~ + ~ ~ ~ ~ ~ River flows had no effect on sturgeon spa~ng ~n~nsity. ~hile most

Lm+,~,,) [ spa~ing ~curr~ during perio~ of decreasing flows, this is the d0mi-
FIGURE ~. ~et~ly le~oth ff~ue~cles o~d m~o~ leegt~ o~ s~rgeo~ lo~a~ ~lle~ed d~ri~$

[
nant flow regime during the spring. There ~as no obvious flow thr~hold

t~ ......sturg~n ond striped.. ~+~, .+~wnlng, .......su~eys,,.+.~in ,~..the ~cromento River I. at which spa~g was ~nitia~d.
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FIGURE 6. Relationship be~een age (s~nce time of spawning) and length of sturgeon la~ae
at various water temperatures obse~ed during sampling in the Sacramento River
in 1973. These relationships were estimated from the regressions in Figure 5. If
lanai length and approximate ~evelopmentai temperature are known, an
estimate of lanai age can be interpolated from th~z graph.

area apparently did ~ot extend far abo~e Colu~
DISCU~IO~ a~ees with published descriptions.

~hile sma~, the catch of 246 larvae provided good ~nformatio~ oa Sturg~a probably spa~ father upstream ia the Sacrame~to River
the l~ation and timing of sturgeo~ spa~ing in the Sacramento River t~ my study suggest. Between J~e 17 and July 10, ]974, 12 yo~g
ia spring 1973. The majority of spa~ing occurred from the ~ic~ity st~g~ about 2~60 mm (1.~2.4 iach~) were coll~t~ ~t the ~ke
of Knights Landing upstream to ~ust above Colusa. Spa~ing ~as most of the GI~-Col~ Caaal n~r Hamfl~a City (r~ 330. [rm ~5] )
intense during ~arch and April, but probably begaa before mid-Feb- (Jer~ ~e ~ R~ald Decoto, ~if. F~h ~d G~e, pe~. comm~.).
ruary since larvae ~ere captured on the first day of sampling. Therefore, either sturgeoa spattered farther upstream

Informatioa from my study generally agrees ~th that fqr other 1973, or the 1973 survey ~chniqu~ were inefficient for ca~ l~v~
species of st~geoa ia other river systems. Spa~ing dates for many ~ t~t ~tioa of the river.
species range from ~arch to early ~y and spawning temperatures The sturg~a n~e~ ~ apparently fom~ by ~th the river near
reage from 9 to ~ C (48 ~ 75 F) Niko~kii 1961; Berg 1962; Oeibe! ~d below the spa~ing ar~ ~d the Delt~ and bays do~tre~.
1966; ~agnia 1966). Some Europeaa sturgeon have two or more races ~y la~’ae are flushed ~ the Del~ and Su~ua ~ay ~ ye~ with
migrating and spa~ing at different times (Gerbflskii 1951 ; Nikolskii high ~off, but they are scarce there ~ years with low ~off (Stevens
1961; Berg 1962). My study was not designed to detemine if several aad ~i~er 1970). Hence, immi~atioa age to these ar~s m~t vary
spa~ing r~es exist ia the Sacramento River system; however, the with spr~ ri~er flow. Spriag 1974 flo~vs were h~gh, so the co~tioa
seasoaal nature of sport catches (Miller 1972) suggests that the r~ of of 5uveniles near Hamiltoa City that summer and the scarcity of larvae
sturgeon moving upriver in la~ winter and spring ~s the major, if not ~a the Del~ when flow’s are low suggests the river ~ an ~po~at
the only, spa~g ~oup. a~e~ ~ aft yea~. Although I did not catch sturg~a older ~han

Sturgeon spawn~g sites are described as hang ~avelly or roc~a~ut 16" d~ys, my s~tiona~ nets probably did not fish efficiently for
bot~ where curren~ are m~er~ to f~ (De~ 1961 ; Nikol~ii 1961 ; them.
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~y ]a~’ae were not develop~ enough to be ~dentifi~ to sp~ ~th
ex~t~g ~owledge. Identification requires counts of scutes along the
~terai line, gill rake~, or dersal fin rays (Schreiber 1960). Except for
the ~m~l size (5.2 ~ [0.2 ~nch]) and dark p~en~ation of one sty- THE ECOLOGY OF THE GAPER OR HORSE CL~,
g~n ]a~,a caught during the striped bass spawn~g survey, the ]~’ae TRESUS CAPAX (GOULD 1850) (BIVALVIA:
h~d no obvio~ featur~ ~mply~g more ~han one ~p~i~ w~ caught. MACTRIDAE), IN HUMBOLDT BAY,The pr~om~nance of ~’hite sturgeon ~n the s~tem (~[iller 1972) sug-
g~ that most of the ]am, ae were white sturgeon. The sma~, ~rk CALIFORNIAI
spirea m~7 ha~e been a green sturgeon. A 60 mm (2.4 ~nch) jure- ~R~ W~N~t~n~e taken at Hamilton Oity in 1974 w~ developed enough ~o be iden- D,po~m,.~ oft~ed ~s that sp~i~, ~ndicating ~een sturg~n do spa~n~ ~n the r~ver. California State Univ,ni~, Humboldt

~ St~ ~&~e ~o 8t~e~pt ~o ~etermhle t~e existence or extent o~ Arcata, California
st~geoa spa~g ~ the S~n Joaquia River. Sturg~n la~ae have
~ t~ke~ oa the SaG Joaqu~ side of the De]~a, but these co~d h~e
come from the Sacramento River (Stevens and ~[iller ]970). ~gl~s JOHN ~. b~TIN~, ~AUL mNN~L ~,d J~SN

Department of Biology
O~8~ catc~ ~t~rg~o~ ~ la~e ~ter 8~ early ~pr~g ~ ~he San ~o&- California State Unlversi~, Humboldt
quia ~k-er betwee~ ~Io~dale and the mouth of the ~erced River. This A,c~t~, c~l~fo~
~at~on ~ ~robab]y [or ~h~ ~rp~e o~ spaw~]~t b~t ~0 ~e~e The g~per clam popul~tions of Humboldt Bay~ California were studied
e~e~ce ~or t~ ex~s. from June 1969 through July 1973. Recruitments occurred primarily In

the early spring of 1970 and I971 and were not uniform in the clam
ACKNOWLEDGEMENTS beds. The beds were dominated by ce~aln age classes but an age class

did not necessarily domln~te samples. Within samples no �orrelatlo~
~er~ ~r~er, ~o~al~ SteYe~ ~aro]~ Ch&~w~c~ a~ ~ee ~[~l~r existed between the densi~ of established clams and the densi~ of

~]~ ~l&~ th~ st~d~. St~’e~s a~d Ch&dw~ck a~o c~i~cally re~e~e~ recruits. The spatial distr~bution generally was either ~ndom ~t low

this p&~er. ~&~d ~]]e~ a~d ~.[char~ ~al~o~k were ~e~y g~ero~ ~
densities or aggregated at high densities. The standing craps for various
beds were determined. Growth rates differed significantly between b~ds

~rov~g ~ch o~ th~ equipment ~e~ary ~or the pro~ect. ~s~ ~ and between year classes within a bed. Von Ee~alanffy gro~h equ~.
~il~e S~o~a] ~s ~bert ~ee~ Steve~ ~o~e~ ~ ~a~es ~dwar~ tions were generated for various beds. Growth occurred primarily during
were k~ow]edg~b]e a~t t~e river a~ w~l]~g to work long ~0~. the l~te spring and summer. Mortality of recruits was ve~ hlgh in 1970

~ w~h ~0 s~ere]~ t]la~]~ eY~o~e ~YolYed.
and ~971 resulting In unsuccessful recruitment. Successful recruitm~nt
has not occurred since 1966. Adult mo~ali~ was ve~ high in some
beds. Predation by the moon snail, Polln~ces JewisH, Dungeness cr~h,
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